Background/Aims: Although dialysis patients have a higher risk of morbidity and mortality related to cardiovascular disease (CVD) than the general population, the mortality and associated risk factors in Asian dialysis patients with CVD have not been well examined. Methods: In this prospective cohort study, mortality and risk factors were investigated in 591 dialysis patients who were recruited from two dialysis centers from May 1, 2009 to May 1, 2014. The Cox proportional hazards regression assessed adjusted differences in mortality risk. A multivariate analysis was also performed, comparing the CVD and non-CVD groups. Results: A total of 591 patients were enrolled in this study (mean age, 52.05 ± 16.46 years [SD]; 61.8% men; 20.8% with CVD), with a median follow-up of 21.9 (maximum, 72) months. The cumulative hazard of mortality was significantly higher in CVD patients (hazard ratio [HR], 1.835; 95% confidence interval [CI], 1.023-3.293; P=0.042) than in their non-CVD counterparts after adjusting for various confounders. On multivariate Cox analysis, stroke (HR, 4.574; 95% CI, 2.149-9.736; P<0.001) was an independent predictor of all-cause mortality in the CVD group. In the non-CVD group, diabetes mellitus (HR, 2.974; 95% CI, 1.560-5.668; P=0.001) and elevated high-sensitivity C-reactive lipoprotein (hs-CRP) (HR, 1.017; 95% CI, 1.005-1.030; P=0.005) were independent predictors of all-cause mortality. Conclusion: All-cause mortality was significantly higher in the CVD group than in the non-CVD group. Stroke is an independent risk factor for all-cause mortality in dialysis patients with CVD. These findings warrant further studies into preventive and interventional strategies.
Introduction
Chronic kidney disease (CKD) is becoming a common disease in the general population and is associated with an increased risk of mortality [1] . According to the 2013 US Annual Data Report, 615,899 dialysis and transplant patients were receiving treatment for CKD at the end of 2011 [2] . Dialysis patients have a much higher mortality rate than the general population. Registry studies indicated that cardiovascular disease (CVD) is an independent risk factor for and the leading cause of mortality in dialysis patients, accounting for nearly 50% of deaths in this population [3] [4] [5] [6] [7] . The increased incidence of cardiovascular events among dialysis patients is mainly explained by the presence of traditional risk factors, such as prior CVD, elevated C-reactive protein (CRP), left ventricular hypertrophy (LVH), diabetes mellitus, and advanced age [8] . Recent studies examining cardiovascular complications in dialysis patients focused on atherosclerosis, including arterial stiffness and wall thickness changes [9, 10] . Furthermore, mortality differences by dialysis modality among end-stage renal disease (ESRD) patients with and without CVD were reported, and some studies reported that the mortality risk was not constant over time but increased with follow-up [11, 12] . The high prevalence of CVD in dialysis patients has drawn great attention from physicians around the world. However, the mortality and risk factors in dialysis patients with CVD has not been fully explored. Therefore, we designed the present prospective, observational cohort study to estimate the mortality rate and risk factors for patients with CVD undergoing hemodialysis (HD) and peritoneal dialysis (PD).
Participants and Methods

Participants
From May 1, 2009 to May 1, 2014, 591 patients were recruited from the dialysis centers at General Hospital of Guangzhou Military Command of PLA and Guangzhou First People's Hospital. The follow-up period was from the start of dialysis to dialysis modality change, kidney transplantation, transfer of care away from the two dialysis centers, date of death, withdrew from the study, end of dialysis, or end of the study period, May 1, 2015. Enrollment included patients who were older than 18 years and had received dialysis for more than 3 months. The study protocol was approved by the Clinical Research Ethics Committee of Guangzhou First People's Hospital (Gaungzhou, China) and the Clinical Research Ethics Committee of General Hospital of Guangzhou Military Command of PLA (Guangzhou, China). All patients provided written informed consent before enrollment.
Study protocol
This study was a prospective, observational cohort study. Baseline data 1 to 3 months after the initiation of dialysis were collected. Demographic information included age, gender, body mass index (BMI), dialysis duration, and comorbidities (diabetes mellitus, hypertension, and stroke). A patient was deemed to have diabetes mellitus if the patient had been diagnosed with type 1 or type 2 diabetes by a clinical doctor. Hypertension was recorded as a comorbidity if the patient was taking antihypertensive medication or had blood pressures greater than 140/90 mmHg on two separate occasions. Stroke was defined as an acute disturbance of focal neurological function with symptoms lasting more than 24 hours and considered secondary to intracerebral hemorrhage or ischemia [13] . Clinical data and biochemical parameters included systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), hemoglobin, serum albumin, hemoglobin A1c (HbA1c), high-sensitivity C-reactive lipoprotein (hs-CRP), phosphorus, calcium, corrected calcium, Ca×P, Kt/V, uric acid, triglycerides, total cholesterol, low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C). The study population was grouped based on the presence or absence of CVD, as well as on the modality of dialysis. CVD was defined by both history of CV event or condition and/or current symptoms according to New York Heart Association (NYHA) and Canadian Cardiovascular Society (CCS) classifications for heart failure and angina, respectively [14] . CV event history was defined as a history of angina pectoris, myocardial infarction, angioplasty, coronary artery disease, peripheral vascular disease, left ventricular hypertrophy, or congestive heart failure [15] [16] [17] . All the data were measured in General Hospital of Guangzhou Military Command of PLA and Guangzhou First People's Hospital. The outcome of interest was all-cause mortality.
Statistical analysis
Data were expressed as mean ± standard deviation for continuous normally distributed variables, frequencies (percentages) for categorical variables, and median (interquartile range) for continuous nonnormally distributed variables. Characteristic differences between two groups were tested using Student's t-test for approximately normally distributed continuous variables, chi-squared test for categorical variables, and the non-parametric Mann-Whitney U test for skewed continuous variables. Life tables were used to calculated cumulative survival rates during follow-up. Univariate Cox regression was used to evaluate prognostic risks for all-cause mortality among baseline parameters in the whole population and in the CVD and non-CVD groups. Then, the significant variables from the univariate model were placed in multivariate Cox regression to further analyze possible risk factors (entry: P≤0.05; removal: P>0.1). Survival rates were calculated using the Kaplan-Meier method, and the difference between survival rates was analyzed using the log-rank test. A Cox proportional hazards model was constructed for the CVD and non-CVD groups. Multivariate models were constructed assessing first the group, then sequentially adding 1) the demographic characteristics; 2) comorbidities; 3) SBP, DBP, and MAP; and 4) laboratory values. All statistical test values were two-tailed tests, and P<0.05 was considered statistically significant. Data were analyzed using SPSS, version 20.0 for Windows (SPSS, Chicago, IL, USA). Table 1 contains the demographic and clinical data at baseline, categorized by the presence or absence of CVD history. The study cohort consisted of 591 patients (mean age, 52.05 ± 16.46 years [SD]; 61.8% men; 20.8% with CVD). Of those, 285 underwent HD, and the remainder underwent PD. The median follow-up period lasted 21.9 (maximum, 72) months. Reasons for exclusion were loss to follow-up (n=6), renal transplantation (n=25), withdrawal from the study (n=8), and transfer to non-participating dialysis centers (n=9). In HD patients, patients with CVD were older and had higher rates of diabetes mellitus, hypertension, and stroke, but lower BMIs, dialysis duration, phosphorus, and Ca×P than patients without CVD. In PD patients, patients with CVD had higher rates of diabetes mellitus and stroke, as well as higher BMIs and hs-CRP values.
Results
Baseline characteristics of the study cohort
Mortality analysis
During the study period, 70 fatalities occurred, 31 of which were in the CVD group. Multivariate analysis revealed significant association between CVD and all-cause mortality (Figure 1 ). In the maximally adjusted model, which included demographics, comorbidities, and clinical data, the adjusted HR was 1.835 (95% CI, 1.023-3.293; P=0.042). In addition, the risk of death was higher in the CVD group than in the non-CVD group with HRs of 2.893 (95% CI, 1.804-4.693; P<0.001), 4.072 (95% CI, 2.036-8.142; P<0.001), and 3.803 (95% CI, 1.845-7.843; P<0.001) in all patients, patients who underwent HD, and patients who underwent PD, respectively (Figure 2 ). The mortality rates in the CVD group were 18%, 43%, and 53% at 1, 3, and 5 years, respectively, compared with 8%, 13%, and 24%, respectively, in the non-CVD group. Moreover, in CVD patients, the risk of death was significantly higher in the HD group than in the PD group (HR, 1.569; 95% CI, 1.032-2.392; P<0.001) (Figure 3 ). In non-CVD patients, the risk of death was also higher in the HD group than in the PD group (HR, 1.218; 95% CI, 1.109-1.348; P<0.001).
Risk factors for all-cause mortality
Clinical data and laboratory variables that were significantly different in Table 1 , as well as the importance of clinical concern were included in the univariate Cox regression analysis. Table 2 lists the significant risk factors for all-cause mortality by adjusting for covariates that were statistically significant in the univariate Cox regression analysis. In the total cohort, stroke (HR, 3.614; 95% CI, 2.043-6.393; P<0.001), CVD (HR, 2.580; 95% CI, 1.466-4.540; P=0.001) and dialysis modality (HR, 2.169; 95% CI, 1.230-3.831; P=0.007) were independent predictors of all-cause mortality after adjusting for age, diabetes mellitus, DBP, serum albumin, hs-CRP, and HbAlc. The predictors of all-cause mortality in patients with and without CVD are summarized in Table 3 . In the CVD group, stroke (HR, 4.574; 95% CI, 2.149-9.736; P<0.001) was an independent predictor of all-cause mortality after adjusting for age, corrected calcium, calcium, HbAlc and dialysis modality. Additionally, in the non-CVD group, diabetes mellitus (HR, 2.974; 95% CI, 1.560-5.668; P=0.001) and elevated hs-CRP (HR, 1.017; 95% CI, 1.005-1.030; P=0.005) were independent predictors of all-cause mortality after adjusting for age, stroke, hemoglobin, HbAlc, total cholesterol, HDL-C and dialysis modality.
Discussion
The results of this study indicated that all-cause mortality was significantly higher in the CVD group than in the non-CVD group among dialysis patients. Importantly, we found that the mortality risk factors were stroke, and CVD and dialysis modality in the overall dialysis population. Stroke was an independent prognostic predictor for mortality in CVD patients, whereas diabetes mellitus and higher hs-CRP were independent risk factors for mortality in non-CVD patients.
It is a widely held opinion that CVD is associated with worse survival rates in dialysis patients. Other studies have shown that CVD-related mortality in dialysis patients is 10 to 20 times higher than in the general population [7] . Chung et al. [3] reported that the mortality risk for DM dialysis patients with CVD is 3.3 times higher than that for non-DM dialysis patients without CVD. In the Modification of Diet in Renal Disease Study of nondiabetic chronic renal insufficiency patients, 25% of first hospitalizations, about 3 per 100 patientyears, were due to CVD [7] . The outcomes of these studies were consistent with our findings. In our study, all-cause mortality occurred at a rate of 54.7 deaths/1,000 patient-years for all patients, 112.4 deaths/1,000 patient-years in the CVD group, and 38.85 deaths/1,000 patient-years in the non-CVD group.
The high mortality in dialysis patients with CVD may be explained by the high prevalence of diabetes mellitus in dialysis patients, which may impact vascular access maturity. Arterial stiffness and vascular calcification deteriorate during dialysis, which may lead to CVD [18] . Diabetes and ESRD synergistically increase the risk of cardiovascular events [19] . Another possible explanation for the high mortality in CVD dialysis patients is fluid overload, which is associated with hypertension and LVH in this population. These pathophysiologic changes Table 3 . Predictor variables and multivariate model for all-cause mortality in dialysis patients with and without cardiovascular disease Table 2 . Predictor variables and multivariate model of all-cause mortality in dialysis patients are multifactorial. The progressive loss of renal function and dialysis itself may contribute to the progression of CVD [20] .
Different risks factors were found to be associated with mortality when the study population was divided into patients with and without CVD. In CVD patients, stroke was an independent predictor of all-cause mortality, while diabetes mellitus and hs-CRP were independent predictors of all-cause mortality in the non-CVD group. Stroke is the third leading cause of death in the United States and a leading cause of serious disability [21] . Wang et al. [22] showed that patients undergoing dialysis are at an elevated risk of stroke. In addition, older age, male sex, diabetes, and hypertension, which are risk factors for CVD, are independent risk factors for both ischemic and hemorrhagic strokes [23, 24] . Our findings were consistent with that study, which included 80,000 dialysis patients. Dialysis patients have a high prevalence of CVD, which is a risk factor for incident stroke [23] . Chan et al. [25] reported that CVD is a common comorbidity in patients with ESRD, and warfarin use in dialysis patients may confer additional risk for stroke in HD patients. Previous reports suggested all-cause mortality in dialysis patient with CVD is closely associated with traditional risk factors, such as lipid abnormality, hyperhomocysteinemia, abdominal obesity, chronic inflammation, hypoalbuminemia, oxidative stress and advanced glycosylation end-products formation, electrolyte imbalances, hemodynamic overload, and cardiovascular history [4-6, 8, 16, 26, 27] . In addition, poor sleep quality was found to be a risk factor for CVD in a recent study [17] . Therefore, although these factors were not found to be significantly associated with all-cause mortality among CVD patients in our study, they should be noted by clinicians when managing dialysis patients.
Only a few large-scale studies have measured the effect of dialysis modality on mortality in Asian populations. PD is considered the better choice for ESRD patients because of its positive effect on hemodynamic stability and volume regulation [11] . Likewise, our study found decreased survival rates in CVD dialysis patients treated with HD as compared to the rates of those treated with PD, which is consistent with the findings of prior studies [28, 29] . In our study, among CVD dialysis patients, the HR of all-cause death in HD as compared with PD was 1.569; among non-CVD dialysis patients, the HR of all-cause death in HD patients as compared to PD patients was 1.218. However, our findings may be inconsistent with some previous studies, which found that the mortality among dialysis patients with CVD was not constant over time but increased with follow-up [11, 12, 30] . Johnson et al. [31] reported that the risk of death from CVD was significantly increased in PD patients compared with HD patients after the first year of treatment. Therefore, large-scale investigation is needed to evaluate the potential explanations for these findings.
This study had some limitations. First, patients were not randomly assigned to PD or HD. This could have led to results that were biased based on the criteria used to determine whether a patient would receive HD or PD. Second, the recruited patients were mainly from South China, which may affect the generalization of our findings to other regions. Third, due to the limitation of the number of patients, not all the cardiovascular classification were shown in our study, which deserve us to further investigation by expanding sample size. Finally, other dialysis-related factors, such as medication use, severity of comorbidities, nutrition, parameters of quality of life, and the cause of the deaths that could have affected the results were not evaluated because of incomplete information.
Conclusion
Our study explored the mortality and associated risk factors in Asian dialysis patients with CVD. We found that the cumulative hazard of mortality was significantly higher in CVD patients than in their non-CVD counterparts after adjusting for various confounders. Furthermore, stroke was confirmed as a significant risk factor for mortality in the CVD group. These findings may warrant additional monitoring of dialysis patients with CVD, especially those with stroke. Further studies are necessary to devise preventive and interventional strategies for dialysis patients with CVD.
